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Table 2
Change in various meniscal measures over 12-month period. Change for each
measure was assessed using a pairwise Student's t-test. SRM ¼ standardised








Medial Meniscus Total Volume
(mm3)
2566 2522 -43 0.223 -
Lateral Meniscus Total Volume
(mm3)
2478 2476 -3 0.877 -
Medial Meniscus Trimmed Volume
(mm3)
2345 2338 -7 0.815 -
Lateral Meniscus Trimmed Volume
(mm3)
1582 1626 þ46 0.002 0.34
Medial Meniscus Extruded Volume
(mm3)
925 956 þ34 0.130 -
Medial Meniscus Meniscal Window
Area (mm2)
789 814 þ25 <10-4 -0.51
Lateral Meniscus Meniscal Window
Area (mm2)
532 532 0 0.888 -
Medial Meniscus Meniscal Window
Area %
67.7 69.3 þ1.66 <104 -0.45
Lateral Meniscus Meniscal Window
Area %
51.7 51.6 þ0.1 0.725 -
Medial Meniscus Anterior Thickness
(mm)
0.69 0.70 þ0.01 0.755 -
Medial Meniscus Central Thickness
(mm)
0.87 0.83 -0.04 0.050 -0.21
Medial Meniscus Posterior Thickness
(mm)
2.07 1.96 -0.10 0.002 -0.34
Lateral Meniscus Anterior Thickness
(mm)
1.72 1.76 þ0.04 0.036 0.23
Lateral Meniscus Central Thickness
(mm)
1.84 1.86 þ0.02 0.288 -
Lateral Meniscus Posterior Thickness
(mm)
1.40 1.46 þ0.06 0.0005 0.38
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A255measurement of the damage to the meniscus is likely to serve as a
useful biomarker of OA progression. In principle, the meniscus is a
simple shape; however damage to the meniscus may appear as loss of
meniscal volume, extrusion of the meniscus, or a general failure of
meniscal competence, resulting in the spreading of the surface.
This study employed statistical shape modelling to study a number of
potential measures of meniscal deterioration within a one-year period.
Additionally, statistical models were used to visualise the areas of the
menisci which underwent most change.
Methods: 88 subjects with medial OAwere identiﬁed from the NIH-OAI
dataset. Subjects had K-L scores of 2 or 3; medial JSN > lateral JSN,
medial osteophytes and 1 of varus mal-alignment: 43 were female.
Baseline and 12 month DESS images were manually segmented for the
white meniscus of the medial and lateral menisci. Segmenters were
blinded to time point but not to subject, using EndPoint software
(Imorphics, UK). Segmented contours were converted to 3-D surfaces
using a marching quads algorithm, followed by quadratic smoothing.
Bone surfaces in the tibia were identiﬁed by automated segmentation
using active appearance models (AAMs). A dense set of anatomically
corresponded points was automatically identiﬁed on the tibia bone
surfaces, allowing mapping of meniscal change both within and across
subjects, by using the tibia as a reference surface.
Several measurements were taken (see Figure 1): (a) the total volume of
the entire meniscus including the meniscal attachment, (b) the trim-
med menisci: the volume of the meniscus, after the attachments are
systematically removed, (c) the height (thickness) of the meniscus
above the tibia in the anterior, central and posterior sections of meniscal
contact, (d) the volume of medial meniscal extrusion beyond the edge
of the medial plateau, performed on medial side only, (e) the area of the
meniscal window, and the proportion of that window to the area nor-
mally covered by cartilage (tAB). Change from baseline for eachmeasure
was measured using a paired students t-test.
Population maps of the average height of the menisci above the tibia
were prepared, and areas of most signiﬁcant change identiﬁed.
Results:Measuresofmeniscalvolumechangeweremostlynot signiﬁcant,
with the exception of the trimmed lateral meniscus. Change in the
extruded volume of medial meniscus was also not signiﬁcant. (Table 1).
Change in the size of the medial meniscal window, either measured in
mm2 or as a percentage of tAB were highly signiﬁcant; the lateral
meniscal window showed no change.
Change in meniscal height above the tibia (meniscal thickness) was
signiﬁcant in the posterior regions of both the lateral and medial
menisci, and is visualised in Figure 2. The area which showed the most
signiﬁcant change in height was at the posterior of themedial meniscus.
Conclusions: Quantitative assessment of the menisci is desirable in
studies of knee OA, and it is important to select a responsive measure
which is biologically meaningful. Measures of meniscal volume and
meniscal extrusion are very noisy, due to the many shapes which the
damaged meniscus may adopt. Extrusion of menisci in this cohort,
measured using careful 3D measurements did not show signiﬁcant
change, which is disappointing. The primary location of meniscal
change in the posterior medial meniscus indicates that searching for
meniscal extrusion at the most medial point of the tibia may not be the
best approach.
The most promising measure of meniscal change from this study is the
meniscal window, measured either as an area, or as a proportion of the
cartilage plate. This measure is very responsive, and should be easier to
perform for research groups without access to specialist 3D measure-
ment. Additionally,measurements ofmeniscal heightover the tibia, used
in a similar manner to the method used for articular cartilage thickness
measurement, appears to provide a promising measure of change.
Figure 1. Meniscal measurement strategies: ﬁgure show (from left to
right), total meniscus volume, sections used for meniscal height (thick-
ness) and extruded volume.Figure 2. Change in meniscal height above the tibia at baseline and 12
months, with most signiﬁcant area of change shown at right.
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ANTERIOR DOMINANT JOINT SPACE NARROWING IN THE
DYSPLASTIC HIP OSTEOARTHRITIS
K. Sada, K. Chiba, T. Shibata, A. Hozumi, C. Miyamoto, M. Osaki. Dept. of
Orthopedic Surgery, Nagasaki Univ. Sch. of Med., Nagasaki, Japan
Purpose: Hip osteoarthritis (OA) is mainly derived from developmental
dysplasia of the hip in Japan. In daily clinical practice, a frontal radio-
graph of the hip joint is considered themost important image. However,
this image only allows the observation of the joint from a single
viewpoint. Sagittal CT images contain information that cannot be found
by a frontal radiograph. We have investigated the characteristics of the
joint space narrowing in a sagittal plane in the dysplastic hip OA.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A256Methods: The subjects were 80 joints from 64 patients with hip OA
(60±14, 16~82 years, 14 male, 66 female). Joints with KL-4 OA were
excluded.
Using the sagittal CT images passing the center of the femoral head,
joint space width was measured at the superior, anterior, and posterior
part. Based on them, the joint space narrowing was divided into four
types: superior, anterior, posterior, and uniform.
Results: The joint space narrowing that occurred dominantly at the
anterior part of the hip joint was observed in 20 out of 80 cases (25%).
Such cases were observed at a higher rate; 17 out of 35 cases (49%),
among patients in the early stage of the disease.
Conclusions: Even if it appears the cartilage remains on frontal plain
radiographs, some cases have joint space narrowing in an anterior part
of the hip joint.
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CHARACTERIZATION OF TIBIOFEMORAL CARTILAGE T2 MAPPING IN
THE CONTACT AND NON-CONTACT REGIONS DURING WALKING
USING DUAL FLUOROSCOPY AND MAGNETIC RESONANCE IMAGING
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Purpose: Pre-radiographic knee osteoarthritis (OA) changes such as
cartilage swelling and softening are indicative of cartilage degeneration.
Magnetic Resonance (MR) T2 relaxometry imaging is sensitive to
changes in cartilage composition in early OA. Increased knee cartilage
T2 map values have been reported in individuals with anterior cruciate
ligament (ACL) injury and/or OA. Tibiofemoral (TF) cartilage is known to
adapt to activities of daily living such as walking. Kinematic changes
with OA and/or ACL deﬁciency (ACLD) could cause repetitive loading of
ill-adapted cartilage regions leading to collagen network breakdown
and PG loss. Characterizing the T2 map value within the contact and
non-contact TF cartilage regions could provide key information for
detection of early OA. The purpose of this study was to develop 3D
methodology for T2 map value computation within contact and non-
contact TF cartilage regions during walking. Our hypothesis was that theaverage and range of T2 values would be different between the contact
and non-contact regions for healthy and ACLD individuals.
Methods: Three male participants volunteered for this study (age 55,
44, 34 years; 2 unilateral ACLD; 1 intact ACL with unilateral meniscal
injury). Participants arrived at the lab in the morning and were fully
non-weight bearing for at least 30min prior to imaging. MR imaging (3T
GE Discovery 750) was performed in a supine position using morpho-
logical (3D high resolution steady-state fast precision) and T2 relax-
ometry (2Dmultislice multiecho Carr-Purcell Meiboom-Gill) sequences.
Next, participants' knees were imaged using a dual ﬂuoroscopy (DF)
system at 120Hz while walking at 1.2m/s on a treadmill. 3D TF bone and
cartilage models were generated from segmented morphological scans
(Amira). Each TF cartilage model was volume meshed using 3D four-
node tetrahedron elements with ~0.01mm edge length resulting in
~50,000 nodes and ~200,000 elements.
TF arthrokinematics were obtained using 2D-3D registration software
(Autoscoper, Brown University) for ~0.4s from 0.1s before to 0.3s
(midstance) after heelstrike when the bones were visible within the
calibrated DF ﬁeld-of-view. TF cartilage T2 maps were computed using
an algebraic algorithm applied to T2 relaxometry images. A custom
Matlab (2014b) program applied DF derived bone alignments for each
motion frame to respective cartilage volumemeshmodels to determine
proximities between the femur and tibia cartilage volume mesh nodes.
Femur cartilage node proximity was computed as the distance between
each femur volume mesh node and the closest neighboring tibia car-
tilage volume mesh node, and vice versa for tibia cartilage node prox-
imity. T2 map value for each femur and tibia cartilage volume mesh
node was obtained from T2 map images. Femur and tibia cartilage
contact and non-contact region for each motion frame was deﬁned as
nodes with 0<proximity<1mm and 1proximity<2mm, respectively.
Paired t-tests were used for within-subject comparison of contact and
non-contact regions' average and range of the T2 map values for the
stance phase of walking.
Results: T2 average and range values were signiﬁcantly different
between contact and non-contact regions for all participants (Table 1).
T2map range in the intact ACL contralateral limbwas signiﬁcantly lower
in contact compared to non-contact region (Table 1). T2 map range in
the ACLD limb's lateral femoral and tibial cartilage was signiﬁcantly
greater in contact compared to the non-contact region (Table 1).
Conclusions: The developed methodology permitted subject-speciﬁc
3D analysis of T2 maps in TF cartilage contact and non-contact regions
